Objective . To assess the effectiveness of a two-year school-based intervention, consisting of integrated and replicable physical activity and nutritional education on weight, fat percentage, cardiovascular risk factors, and blood pressure. Design and setting . Six elementary schools in Reykjavik were randomly assigned to be either intervention (n ϭ 3) or control (n ϭ 3) schools. Seven-year-old children in the second grade in these schools were invited to participate (n ϭ 321); 268 (83%) underwent some or all of the measurements. These 286 children were followed up for two years. Intervention . Children in intervention schools participated in an integrated and replicable physical activity programme, increasing to approximately 60 minutes of physical activity during school in the second year of intervention. Furthermore, they received special information about nutrition, and parents, teachers, and school food service staff were all involved in the intervention. Subjects . 321seven-year-old schoolchildren. Main outcome measures . Blood pressure, obesity, percentage of body fat, lipid profi le, fasting insulin. Results . Children in the intervention group had a 2.3 mmHg increase in systolic blood pressure (SBP) and a 2.9 mmHg increase in diastolic blood pressure (DBP) over the two-year intervention period, while children in the control group increased SBP by 6.7 mmHg and DPB by 8.4 mmHg. These changes were not statistically signifi cant. Furthermore there were no signifi cant changes in percentage body fat, lipid profi le, or fasting insulin between the intervention and control schools. Conclusion . A two-year school-based intervention with increased physical activity and healthy diet did not have a signifi cant effect on common cardiovascular risk factors.
Introduction
The prevalence of overweight and obesity has increased in recent decades and remains high among children and adolescents [1] . Studies have shown that obesity in childhood is an important predictor of adult obesity [2] , and if overweight begins early in childhood, obesity in adulthood is likely to be more severe [3] . Obesity is an important cardiovascular risk factor [4] , but it may also lead to lower selfesteem and other psychological problems [5] . Physical inactivity and unhealthy diet are common, modifi able risk factors for obesity that underlie other major chronic diseases, including heart disease, measures aimed at preventing a decline in physical activity during adolescence may prevent higher BP in youth [9] . However, in a meta-analysis of intervention studies of 36 weeks and less, the BP effect of exercise was insignifi cant (1) (2) (3) [10] , but the length of intervention may be of importance as Hansen et al. showed an effect of 4 -6 mmHg after eight months ' training but not after three months ' training on both systolic and diastolic blood pressure [11] . High intake of fruits and vegetables may be important as well and has been shown to lower BP in children and lower early gains in SBP and DBP, compared with children with low intake [12] .
The treatment of obesity and efforts to increase physical activity is a diffi cult, but challenging, task and the need to prevent obesity in early life is of paramount importance. However, school-based physical activity and dietary intervention studies have shown contradictory results when it comes to successfully improving risk-factor profi les of many of the aforementioned chronic diseases [13, 14] .
We conducted a school-based intervention study emphasizing increased physical activity and healthier nutrition. In previously published papers we have described the effect that the intervention had on fi tness and nutrition and the status of an array of common cardiovascular disease (CVD) risk factors among these seven-year-old schoolchildren [15 -17] . The main aim of this paper is to report the effect of the two-year school-based intervention on these same CVD risk factors.
Material and methods
This study was a cluster-randomized controlled trial carried out to assess the effect of a two-year schoolbased intervention. From a pool of all elementary schools in Reykjavik, the capital of Iceland, which had more than 30 students in second grade, a total of six elementary schools were randomly selected. These six schools were paired with regard to number of students and social background, such that each pair comprised the two schools that Reykjavik Board of Education thought were most alike. One of the paired schools was randomly selected to participate in the intervention and the other school was used as a control. All children attending second grade in these schools were invited. Of the 321 children invited, 268 (83%) gave informed consent to participate in the study but 53 (17%) refused to participate. All measurements were conducted between September and December 2006 and repeated two years later, i.e. between September and December 2008. A fl ow chart showing participation in the primary outcome measurements is shown in Figure 1 .
The study was approved by the National Bioethics Committee as well as the Icelandic Data Protection Commission (Study number: VSN b200605002 & 03).
Measurements
When weight was measured children had their underwear on but no other clothes. A calibrated scale was used (Seca 708, Seca Ltd., Birmingham, UK). Weight was measured to the nearest 0.1 kg. Height was measured to the nearest mm with a transportable stadiometer or a calibrated stadiometer found at school. Percentage of body fat mass was measured with dual energy X-ray absorptiometry (DXA). The scans were run using the paediatric programme of Hologic QDR 4500. Fasting blood samples were obtained using standard procedures after overnight fasting. BP was measured three times in the left arm of seated participants at fi ve-minute intervals, and the average of all measurements was used for analysis. 
Intervention
Teachers ' involvement . The teachers received training at bimonthly workshop meetings and through informal on-site meetings, both to provide teachers with expert information on physical activity and nutrition and to give them opportunities for dialogue with their colleagues regarding the evolvement of the intervention. Teachers ' physical activity log books were the basis for estimating the time children spent doing physical activity under a teacher ' s supervision at school.
Physical activity (PA)
. The PA intervention has been described in detail elsewhere [18] . In brief, the PA intervention was progressive in nature, starting with approximately 30 minutes a day at the start of the study and increasing to approximately 60 minutes a day in the latter intervention year, where teachers who implemented the intervention used various strategies to better integrate PA into the daily routine at school. Accelerometers were used to assess both the volume and intensity of PA. Cardiorespiratory fi tness (watts/kg) was measured with a Monark ergometer. This maximal ergometer test was run as follows: every three minutes the weight on the wheel was increased, and participants kept a steady pace on the bike until exhausted, or until he or she could no longer keep a steady pace. The protocol was the same as in the European Youth Heart Study [19] .
Nutrition . The main focus of the dietary intervention was on increasing fruit and vegetable intake, with both educational material and homework assignments [16] . Food-based dietary guidelines on fi sh, fi sh liver oil and milk intake were also in focus, and parents, teachers, and school food service staff were involved in the intervention. Dietary intake was assessed with three-day weighed dietary records in autumn 2006 and autumn 2008.
Statistical analyses
Randomization was performed at the school level, while the outcome data were collected by repeated measurements on individuals. SPSS version 19 was used for analysis except for factor analyses where an R statistical pack was used.
Results were expressed as mean and standard deviation, with a 95% confi dence interval. Statistical signifi cance was deemed to be at p Յ 0.05. When comparing the control and intervention groups for increase in blood pressure, we calculated the difference between the measurements made in 2006 and 2008 and used factor analysis to assess whether there was a signifi cant difference between groups. A pairedsamples t-test was used to assess whether a variable had changed signifi cantly within a group over these two years. 
Results

Blood tests
Baseline characteristics of both the control and intervention group are given in Table I . At baseline the mean age of the study participants was 7.3 years. The sum of fi ve skinfolds was 32.7 Ϯ 11.3 mm (SD) , and the fat percentages was 24.4% Ϯ 6.3% (SD) at baseline, and in both groups these parameters increased over the next two years without signifi cant differences between groups. Lipid profi le, fasting insulin, HbA1c, and fasting glucose levels did not change differently between the groups (Table II) .
Teachers ' activity log books on the time spent doing PA showed a gradual increase from approxi- At that time teachers ' activity log books showed approximately 50 minutes of daily PA during school hours, but at the end of the two-year study period when activity log books showed approximately 40 minutes of PA daily, accelerometer results did not show a significant difference between intervention and control schools (p ϭ 0.1). Moreover, children with higher BMI were less active than children with lower BMI (p ϭ 0.01).
Fitness
There was a non-signifi cant increase in cardiorespiratory fi tness in the intervention group (p ϭ 0.18). This improvement was on average 0.286 watts/kg or 0.37 z-score units.
Nutrition
Total fruit and vegetable intake increased signifi cantly by 47% in the intervention schools and decreased by 27% in the control schools. Fibre intake increased signifi cantly in the intervention schools (17%, p Ͻ 0.01) but not in the control schools (7%, p ϭ 0.09).
Blood pressure
Both systolic blood pressure (SBP) and diastolic blood pressure (DBP) increased from 2006 to 2008 in both groups. The rise in SBP was 2.4 mmHg higher in the control group compared with the intervention group and in DBP 4.7 mmHg. However, these differences in blood pressure changes were not statistically signifi cant, either for SBP (p ϭ 0.15, Table III) 
Discussion
The main fi nding of the study was that a two-year school-based intervention did not prevent an increase in blood pressure among seven-to nine-year-old children. However, there was a noticeable trend in the direction of a lower increase in age-related increase in blood pressure among children in the intervention group. Furthermore, no improvements were observed with regard to other common CVD risk factors, such as blood lipids. In line with many other studies [20] , our study showed a positive association between BP and BMI. No signifi cant change in body fat percentage was observed between the groups. The difference that was noted in BP between groups applied for both genders and for normal-weight and overweight children with regard to DBP, but not SBP. In obese adolescents exercise plus diet intervention seems to have more effect on BP than exercise alone [21] , and exercise without weight change has been shown to lower BP in hypertensive adolescents [22, 23] . Among overweight children as a group, in our study there was no statistical difference in the rate of increase in SBP, indicating that overweight children possibly did not participate as much in the intervention, or that they might have more resistant BP than other children, thus needing more intense and longer intervention to achieve signifi cant changes.
Some prior studies indicate that a combination of increased PA and healthy nutrition and lifestyle has a positive effect on BP in children after one to three years of intervention [24, 25] . This is somewhat in line with the result of this study. There is some indication that the amount of PA may be important [7] , but change in BP in childhood may also be related to change in physical fi tness; children increasing in fi tness seem to have lower year-related increases in BP [26] . Baseline fi tness and improved fi tness may both be associated with lower BP in adolescents [26] , and young adults are less likely to develop hypertension later in life if they are fi t [27] . Other studies have not been as promising [28] . Finally, since BP in childhood predicts hypertension and metabolic syndrome later in life [29, 30] , early intervention is of importance.
In our study children in the intervention group consumed more fruits and vegetables at the end of Table III . Regression cluster analysis with SBP at the end of intervention as the dependent factor. the study [16] , and the intervention group increased their fi tness by an average of 0.37 z-score units [17] . This could be one of the reasons why a positive trend was seen on age-related increase in BP in the intervention group compared with the control group. Effects of school-based PA on BMI have not been promising, and meta-analysis has shown that increased PA in schools is unlikely to affect childhood obesity [28] . On the other hand, a study done by Kriemler et al. has concluded that multicomponent physical activity intervention reduced adiposity in children [13] . The outcome was measured in the spring after nine months of intervention, but school-based changes have been shown to be lost during summer vacation [31] , and in a three-year follow-up the effect on obesity had disappeared [32] . In this study the PA was highest early in 2008, but the measurements of the effects of intervention were performed almost fi ve months later, after summer vacation, which perhaps led to attenuation of favourable changes in the participants ' risk-factor profi le.
Studies have shown associations between objectively measured PA and clustered metabolic risk factors in children [33] . Change in fi tness has been shown to be refl ected in changes in total cholesterol, high-density lipoprotein, and systolic BP [34] . Our study did not show signifi cant change in metabolic risk factors or BP between the intervention and control groups.
In Iceland GPs provide health services for elementary schools. As many of the chronic diseases such as obesity and type II diabetes are strongly associated with lifestyle more effort has been put into getting people to adopt to healthy lifestyle with regard to both food and exercise. It is thus important to start early and introduce these healthy habits to young children. GPs and other primary care providers play an extremely important role in implementing this.
The strength of this study was the length of the intervention period (two years); however, two years is a short time for inducing sustained lifestyle changes. Another strength of this study is objective measurements with DXA scans of body composition. One weakness of this study was that PA decreased at the end of the study period, after summer vacation, possibly because of high teacher turnover at the end of the study. At the end of the study, six of eight teachers were either on maternity leave or had started teaching a different class. The new teachers only received minimal training at one meeting in the autumn of 2008. Furthermore, the extra PE lesson per week, which was introduced to the intervention schools only in the autumn of 2007, was no longer available as of autumn 2008. When the study ended, Iceland was in a state of fi nancial crisis affecting all families, and it is possible that this may have had negative effects on the response to the intervention at the end of the study. Approximately 20% of the participants in BP measurements from 2006 to 2008 dropped out as some students did not participate in all parts of the study, and others had moved away from the area. Another limitation is that the researchers did know which group was the intervention group, and a possible effect on the results because of this cannot be precluded. It is also possible that due to small sample size we have failed to detect a signifi cant effect that could be present.
Our study shows that it is possible to increase PA and promote healthy eating when teachers integrate them into the daily routine at school. However, this increase in PA can easily be lost again, and the goal of 60 minutes of PA/day was not achieved at the end of the study.
We conclude that having teachers integrate PA and nutrition into the daily routine at school can have a positive effect on children ' s PA and possibly BP but not signifi cant effects on BMI or other cardiovascular risk factors.
